Complementary DNA clones have been isolated from the crustacean Artemia franciscana coding for a serum response factor (SRF)-homologue that is more than 96% identical to human and Drosophila melanogaster SRFs in their MADS boxes. The SRF homologue is expressed in ectodermal tissues, as determined by in situ hybridization experiments. A SRF-binding site has been identi®ed in the promoter region of the Actin403 gene that is also expressed in ectodermal tissues, in accordance with its transcriptional regulation by the SRF homologue. The mRNA coding for A. franciscana SRF is present at similar levels in cryptobiotic encysted embryos and in developing nauplii. However, there is a signi®cant increase in CArG-binding activity at the later developmental stage, indicating a postranscriptional regulation of SRF during A. franciscana embryonic development. q 2000 Elsevier Science Ireland Ltd. All rights reserved.
In situ hybridization studies in chickens (Croissant et al., 1996) and mice (Belaguli et al., 1997; Arsenian et al., 1998) showed high levels of serum response factor (SRF) expression at early developmental stages in the heart and the myotomal region of the somites. At later stages SRF is strongly expressed in smooth, cardiac and skeletal muscle tissues (Croissant et al., 1996) which suggest an important role for SRF in muscle development. A Srf-homologue gene has been identi®ed in Drosophila melanogaster that is expressed at high levels in the terminal cells of the trachea at larval stages (Affolter et al., 1994) and in the intervein regions of the adult wing (Montagne et al., 1996) . These data indicate that SRF plays a very different function in D. melanogaster than in vertebrates. The Srf-homologue gene from the slime mold Dictyostelium discoideurn is expressed at high levels in prespore and spore cells. Interruption of the gene affects spore terminal differentiation (Escalante and Sastre, 1998) . Despite the diversity of functions described for SRF in these organisms, the proteins display a high similarity at their MADS boxes, which are the main functional regions of the proteins.
Results
cDNA clones coding for the putative A. franciscana SRF homologue were obtained after screening 500 000 clones of a cDNA library made from adults RNA (Palmero et al., 1988) with a probe derived from D. melanogaster SRF (Affolter et al., 1994) . The 2361 nt long cDNA (EMBL Accession number AJ251270) coded for a 317 amino acids polypeptide that showed a strong similarity to the MADS-box sequences of SRF from D. melanogaster (98% identity) (Affolter et al., 1994) , humans (96%) (Norman et al., 1988) and D. discoideum (85%) (Escalante and Sastre, 1998) . The identity also extended to two regions contiguous to the MADS-box, a short N-terminal and a 50 amino acid long C-terminal regions. Another small region of amino acid sequence similarity, not previously described, was found between A. franciscana amino acids 55±63, D. melanogaster amino acids 107±116 and human amino acids 95± 104 (Fig. 1) . This region contains human Ser103, that has been described to be phosphorilated, in vitro and in vivo, by the protein kinase MCKII (Heidenreich et al., 1999) . The tissue-speci®c expression of SRF in A. franciscana nauplii was determined by in situ hybridization using digoxigenin-labeled RNA probes (Fig. 2A±C) . Sense probes from the same cDNA region were used as negative controls (Fig.  2D±F) . A strong hybridization, speci®c for the antisense probe, was obtained in all ectodermal tissues, including the epidermal tissue and the terminal regions of the digestive tube (foregut and hindgut). No SRF expression was observed in the muscles, located in the central part of the antennae and surrounding the digestive tube ( Fig. 2A,B) . The spatial pattern of expression observed for SRF mRNA in A. franciscana is very different from those described in vertebrates and D. melanogaster. The only common feature seems to be the conservation of the expression in some ectodermal tissues: neuroectodermal tissues in vertebrates (Herdegen et al., 1997; Croissant et al., 1996) , terminal tracheal and wing intervein regions in D. melanogaster (Affolter et al., 1994; Montagne et al., 1996) and all ectodermal cells in A. franciscana.
The A. franciscana Actin 403 gene promoter has been described to contain a canonical SRF-binding site (Ortega Fig. 2 . In situ hybridization analyses of SRF expression in A. franciscana nauplii. A. franciscana nauplii cultured for 40 h were cut in 10 mm sections and hybridized with digoxigenin-labeled RNA probes corresponding to the antisense SRF strand (SRF1, panels A±C) or the sense strand (SRF2, panels D±F) as described by Escalante et al. (1995) Symbols: a, anterior; d, dorsal; e, epidermis; f, foregut; g, gut; h, hindgut; l, labrum. Bar represents 200 mm. et al., 1996) . In situ hybridization experiments were performed using probes complementary to the 3 H untranslated region of Actin403 mRNA. This gene was found to be expressed in the epidermis and the terminal regions of the digestive tube (foregut and hindgut) with a pattern of expression similar to that of the SRF homologue, in agreement with its transcriptional regulation by SRF (Fig. 3 ).
An interesting aspect of transcriptional regulation in Artemia is the activation of the encysted embryos, that are in a cryptobiotic stage. The amount of SRF mRNA expressed during development of A. franciscana encysted embryos was determined by Northern blot (Fig. 4A) . The SRF cDNA clone used as probe hybridized with two RNAs of 18 and 1.8 kb. The amount of both RNAs remained constant during the period of embryonic development studied, from the encysted embryos (0 h) to ®rst instar nauplii (23 h). SRF binding activity was determined at different developmental stages by gel retardation assays. The results are shown in Fig. 4B . Naupliar nuclear extracts originated a retardation band that was speci®c for the SRF binding site. Nuclear extracts from encysted embryos produced a much weaker retardation band. These results show a clear induction of SRF activity during embryonic development, indicating a postranscriptional control of the expression and/or activity of this protein during A. franciscana embryonic development.
